The climate warming and earlier beginning of the vegetation period have enabled earlier sowing of agricultural crops. Sowing date can affect weed density in crops, including spring oilseed rape.
Introduction
The amount of the primary production, derived through plant photosynthesis in agriculture, in other words crop productivity, depends on the geographical location, soil, intensity of agronomic practices employed and agro-climatic conditions (Čiuberkis et al., 2010) . The efficiency and competitiveness of agricultural production is heavily reliant on the climate, which is changing faster than predicted. Climate change remains one of the major problems of the 21 st century. Further emissions of greenhouse gases cause climate warming and long-term changes in all elements of the climate system as well as increase the likelihood of irreversible consequences for humans and ecosystems (Reidsma et al., 2010; IPCC, 2013) . The challenge of adapting the agricultural sector to climate change encompasses not only crop productivity enhancement but also conservation of soil and water resources (Olesen et al., 2011) . Climate change in Lithuania manifests itself by a rapid increase in air temperature and precipitation in the winter and a more consistent rise in temperature and decreasing rainfall in the summer (Kažys et al., 2011) . According to Stuogė et al. (2011) , in Lithuania, the agricultural sector will be most affected by early spring and autumn frosts, heat waves and squalls. With increasing average annual and July temperatures, droughts will occur, and excess moisture will favour the influx of pests, diseases and weeds in agricultural crops. Radzevičius (2011) has reported that droughts occurring during the growing season are likely to decrease crop yields by 51-75%, while heavy rainfalls, winds and resulting soil degradation -by up to 25%.
Rapeseed yields are decreasing not only due to the spread of pests; weeds can also have a considerable impact on yield losses (Peltonen-Sainio et al., 2009 ). Oerke (2005) has pointed out that the heaviest crop yield losses in agriculture are incurred due to high weed incidence in crops, yield losses to weeds account for about 34%, while those resulting from pests and diseases are lower and account for about 16-18%.
Growing together with cultivated plants, weeds reduce their productivity and deteriorate the quality of production. Weeds deprive crop plants of moisture and nutrients, block the light and thus deprive them of warmth. Compared to cultivated crops, weeds are better adapted to soil and climate conditions, they can better withstand nutrient shortage and survive during a droughty period. They are known to evaporate more moisture than cultivated plants (Čiuberkis, Vilkonis, 2013) .
In Lithuania, spring oilseed rape is usually sown as early as possible, when the soil has reached physical maturity, i.e. a condition which allows tillage. However, spring frosts, summer heat and droughts markedly affect the development, yield formation processes of agricultural crops, and consequently reduce their economic productivity. The main reason why it is necessary to improve and adapt spring oilseed rape cultivation technology is the changing climate (colder and longer-lasting spring, increased leaching of nutrients from the soil during the autumn and winter periods). Presently, many farmers sow spring oilseed rape either too early or too late, which causes significant yield losses. Optimal sowing timing would ensure more efficient application of plant protection and weed control products, and consequently would create better conditions for rapeseed yield formation. The crop-weed competition shows the negative relationships among plants that arise when the needs of all growing plants cannot be met due to the lack of resources. As long as the conditions are optimal, the competition does not occur between the plants of the same species or those of different species. Weeds smother rape plants particularly strongly at the beginning of the growing season and in thinned out crops (Bilsborrow et al., 1993) . Marcinkevičienė et al. (2010) suggest that the ability of spring oilseed rape to smother weeds is determined by an increase in crop biomass and a decrease in light flow on the soil surface. Bullied et al. (2006) have found that the earlier the rape crop is sown and the denser the stand is formed, the higher the competitive power of the crop is. Romaneckienė et al. (2008) have documented that in May and June the germination of weeds reaches its peak when the soil temperature ranges between 10-15°C, later it gradually decreases, and in the summer, after more abundant rainfall, weed germination does not reach the spring level.
Weeds cannot be controlled by choosing a single technology, since there is no universal method for controlling them. The best control has proved to be the one that combines several methods (Riemens et al., 2007) . At present, special attention is paid to integrated weed management, which combines biological, physical and chemical methods, in order to ensure a long-term crop protection and to reduce environmental impacts (Deytieux et al., 2012) . For designing innovative weed management strategies simulation models can be useful (Parsons et al., 2009; Colbach et al., 2014; Renton, Chauhan, 2017) .
The aim of this investigation was to evaluate the response of weed density in spring oilseed crop to the sowing date. Weed density in spring rape crop can be significantly affected by a sowing date.
Materials and methods
Field experiments on spring oilseed rape sowing dates were carried out in 2015 and 2016 at Aleksandras Stulginskis University's Experimental Station. The soil of the experimental site is Calc(ar)i-Endohypogleyic Luvisol (LVg-n-w-cc) (WRB, 2014) . The agrochemical characteristics of the experimental soil are as follows (the data averaged over 2015 and 2016): pH -7.10, humus content -1.85%, content of available nutrients in the soil: P 2 O 5 -234 mg kg -1 , K 2 O -106 mg kg -1 . Sowing timing of spring oilseed rape was investigated at Aleksandras Stulginskis University's Experimental Station during the period 2015-2016.
The experiment involved a spring oilseed rape (Brassica napus L) cultivar 'Fenja' (WvB, Germany), which was sown at a rate of 4 kg ha -1 by a Multidrill M-300 (RabeWerk, Germany). The experiments included four replications. The first sowing date was when the soil had reached physical maturity. In 2015, the first sowing date was 15 April. Afterwards the sowing was performed every 5 days until 20 May. In 2016, the first sowing date was 10 April. Afterwards the sowing was performed every 5 days until 25 May (except for the 7 th and 8 th sowing date, the interval between which was 10 days because of the adverse weather conditions). The pre-crop of spring oilseed rape was winter wheat. Soil tillage in the experiment was carried out in accordance with the conventional technology of spring rape cultivation. In 2015 and 2016, prior to sowing, the total experimental area was fertilized with NPK 15-15-15 360 kg ha -1 . Ammonium nitrate at a rate of 200 kg ha -1 was applied on the total experimental area at a spring oilseed rape bud formation stage. The following plant protection products were used in the field experiment: in each treatment shortly after sowing (within one hour) herbicide Sultan super 2 l ha -1 , insecticides were used during the growing season according to the need, fungicides were not used.
Assessment of weed incidence. The analysis of weed seedlings was first performed at the 3-4 leaf stage . The number of weed seedlings was determined in each plot in 5 randomly selected 0.1 m -2 plots. Another assessment of weed incidence was performed at the end of spring rape growing season (BBCH 79) before harvesting in each plot in 5 randomly selected 0.1 m -2 plots. The weeds were uprooted from the plots and wrapped in paper. The weeds were analysed in a laboratory by dividing them into species, the weeds of each species were counted and wrapped again in paper and dried in a drying chamber. Dried weeds of each species were weighed. The number of weeds was recalculated in weeds m -2 and dry mass in g m -2 . In the experiment, the weed incidence data which did not meet the law of normal distribution, were transformed before statistical evaluation using the function y = log(x + 1). The research data were statistically processed by the technique of one-way analysis of variance of quantitative attributes, and by correlation and regression methods. Statistical analysis of the experimental data was done using the software ANOVA and STAT form the programme package SELEKCIJA (Raudonius, 2017) . Significance of differences was estimated using the Duncan criterion. Significant differences were determined at 95% probability level. P > 0.05 denotes no significant differences.
Meteorological conditions. In 2015, April was by 1°C warmer than usual and the total amount of the monthly precipitation was by 8 mm higher than the long-term average and was favourable for spring oilseed rape emergence. The air temperature of May was by 0.9°C lower and the monthly amount of rainfall by 10 mm lower than the long-term average, and this was one of the reasons for a significant reduction in crop germination. The average air temperature of June and July was close to the long-term average, while there was a shortage of rainfall: in June it was by 46 mm, in July by 9 mm lower than the long-term average. In August, the monthly air temperature exceeded the long-term average by 4.0°C, and the amount of rainfall was by 73.4 mm lower than usual.
In 2016, the spring was early. The average air temperature of March was by 1.8°C higher than the long-term average and the amount of precipitation by 10 mm higher compared with the long-term average. The conditions were favourable for planning an early sowing campaign of spring oilseed rape.
April was warm and wet. During the oilseed rape sowing period (10-30 April) the average daily air temperature was by 7.4°C higher and the amount of precipitation by 20.1 mm higher than the long-term average. The heavy rainfall that started within the first tenday period of April and the resulting excess of moisture had adverse effect on the emergence of weeds and spring oilseed rape. The average daily air temperature of May was by 2.5°C higher than the long-term average and the amount of rainfall was by 25.3 mm lower than the longterm average. The shortage of moisture is likely to have negatively affected the initial growth stages of the earlysown (05-25 April) oilseed rape despite the fact that the soil had accumulated considerable moisture reserves. In 2016, the beginning of the summer was warm and wet. The average daily temperature of June exceeded the longterm average by 1.1°C and the amount of rainfall exceeded the long-term average by 7 mm. The weather conditions were favourable for the growth of spring oilseed rape.
The average daily temperature of July was slightly lower (by 0.8°C) than the long-term average and the amount of rainfall was by 66.3 higher mm higher than the long-term average. Moisture excess was felt during the seed formation period, which favoured the occurrence of diseases. The average daily air temperature of August was by 0.4°C higher than the long-term average, and the excess of rainfall (by 26 mm higher than the long-term average) interfered with harvesting operations.
Results and discussion
Weed counts in spring oilseed rape crops in 2015 and 2016. Seem et al. (2003) have documented that the crop ability to suppress weeds is strongly influenced by the weather conditions of a specific period, the dominant weed species and weed infestation severity. Sowing time, crop stand density and pre-crop also exert significant influence on the competitive power of a crop (Bullied et al., 2006; Valantin-Morison, Meynard, 2008; Velička et al., 2015) .
In 2015, the highest weed count 44.0 m -2 was recorded in the spring oilseed rape crop sown on a later date 10 May (Fig. 1) . However, significant difference in weed counts (3.0-9.2 times lower) was found in the crops sown on 25 and 30 April, and in May -in the crops sown on 5 and 20 May compared with the highest weed number in oilseed rape crop sown on 10 May. After oilseed rape sowing at the beginning of May (on 5 May), heavy rainfall occurred (21 mm, nearly half of the total monthly rainfall), which had significant effect on the emergence of both oilseed rape plants and weeds. The crop sown on May 10 had enough moisture and warmth for emergence and establishment but weeds were better at taking advantage of the favourable conditions. For the crops sown at the latest dates (15 and 20 May), weed seedlings were killed by pre-sowing soil cultivation. The small amount of rainfall in the third ten-day period of May was also a contributing factor. The weed counts in the spring oilseed rape crops sown at different dates in 2016 were lower compared with those recorded in 2015. The weed counts significantly differed in spring oilseed rape crops sown at different dates. The low precipitation and cool weather during the first ten-day period of April inhibited weed germination. As a result, the number of weed seedlings in early-sown (10 and 15 April) spring oilseed rape crops was significantly, by approximately 45.3%, lower compared with the crops sown at later dates (Fig. 1) . With increasing rainfall and average daily temperature, the emergence of weeds became more intensive. The highest counts of weeds were determined in the crops sown on 20 and 25 April, they were by on average 52.1% higher than in the crops sown before or after these dates. With a 20-day delay in sowing, the number of weed seedlings decreased; however, compared with the crops of an early sowing date, it remained significantly higher. With a further delay in sowing (in May) the number of weed seedlings varied inconsistently but significantly.
In 2015 and 2016, there was found no statistically significant correlation between the number of weed seedlings in the crop and weed counts before oilseed rape harvesting. No statistically significant correlation was determined between the number of weed seedlings and oilseed rape yield and between the number of weed seedlings in the crop and plant population density of the spring oilseed rape crop either.
The number and dry mass of weeds before oilseed rape harvesting in 2015. Pre-harvest assessment of weed counts in the spring oilseed rape crops sown at different dates suggested that in the crops sown on 15 and 20 April, the number of weeds was significantly on average 2.9 times higher compared with that in the crops sown at later dates (Fig. 2) . The documented data have evidenced that from mid-May to mid-July is the period when weeds emerge most intensively (Špokienė, Povilionienė, 2003) ; however, in our study, emergence of weeds was not intensive in later sown crops, which resulted in lower weed counts before harvesting.
analysis showed negative strong linear statistically significant relationship between the period of time from spring oilseed rape sowing to complete maturity and dry mass of weeds: y = 1420.385 − 11.543x (r = −0.89, P < 0.01). With the decreasing time from spring oilseed rape sowing to complete maturity the dry mass of weeds increased.
The number and dry mass of weeds before rapeseed harvesting in 2016. Pre-harvest assessment of weed incidence in spring oilseed rape crops revealed that sowing time had significant effect on the number of weeds. Although all oilseed rape crops were sprayed with herbicides after sowing, the number of weeds before harvesting was markedly higher than in spring after crop emergence and considerably differed among the experimental treatments. The crops sown at the earliest dates (10 and 15 April) successfully smothered weeds, whose number per unit area remained low and significantly lower, compared with that in the crops sown on 20 and 30 April and 5 May (Fig. 4) . The crops sown on the latter dates had the highest number of weeds, which was significantly 68.0% higher compared with the crops sown on other dates. Beckie et al. (2008) have reported that when the conditions for oilseed rape emergence are very good, the crop plants can very well compete with weeds at initial growth stages; however, in our experiment the crop sown on 30 April emerged poorly, the stand was very thin and this favoured the spread of weeds. With a 30 to 45-day delay in sowing, the number of weeds significantly decreased in the spring oilseed rape crop before harvesting compared with that in the crops sown from 20 April to 5 May. In the crops sown at later dates, 30 April and later, the dry mass of weeds tended to increase and had significant effect on rapeseed yield (Fig. 3) . The crop sown at late dates, when the weather was much warmer, developed more rapidly but the crop plants were much smaller and therefore exhibited poorer suppression of weeds. Stougaard and Xue (2005) have reported that in denser crop stands weeds are more effectively smothered and this results in smaller yield losses caused by weed infestation. The highest dry mass of weeds before harvesting was recorded in the crops sown from 15 to 20 May, where it was by on average 5.9-fold higher compared with that in the crops sown at earlier dates. Very little dry mass of weeds was estimated in the crops sown at the earliest dates (15, 20 and 25 April) compared with that in the crops sown at optimal dates (20 April to 10 May). The earlier the crop was sown and the denser the stand was formed, the higher the crop competitive power against weeds was. The weed incidence in the early sown (15, 20 and 25 April) crops was low and the dry mass of weeds was significantly as many as 13.3 times lower compared with the crops sown at later dates (30 April, 5, 10, 15 and 20 May) . The dry mass of weeds in the crops sown at late dates was 5.1-fold higher compared with that of the crops sown at optimal dates -from 20 April to 10 May.
The correlation-regression analysis revealed strong linear positive statistically significant correlation between the length of period from spring oilseed rape sowing to complete maturity and the number of weeds: y = -110.438 + 1.136x (r = 0.74, P < 0.05). With the decreasing time from spring oilseed rape sowing to complete maturity the number of weeds before harvesting declined. Strong linear negative statistically significant correlation was established between dry mass of weeds and rapeseed yield: y = 1.742 − 0.005x (r = −0.84, P < 0.01). With increasing dry mass of weeds, rapeseed yield significantly decreased. The correlation-regression The highest dry mass of weeds was recorded in the crops sown on 20, 25 and 30 April, where it ranged from 144.4 to 179.9 g m -2 (Fig. 5) . Significantly the lowest dry mass of weeds (1.5 g m -2 ) was estimated in the crops sown on 15 April. In the crops sown at the latest dates (20 and 25 May), the dry mass of weeds was similar to that in the crops sown earlier (10 and 15 April). Preharvest assessment of dry mass of weeds in the spring oilseed rape crops indicated that there was no significant difference in this value between the crops sown at the earliest date (10 April) and those sown at the latest date (25 May).
significant correlation was also determined between the length of period from oilseed rape sowing to complete maturity and dry matter mass of weeds (r = −0.89, P < 0.01). In 2016, no statistically significant correlations were found between the weed incidence in the spring oilseed rape crop and rapeseed yield. In 2016, there was found no statistically significant correlation between weed counts before harvesting and rapeseed yield.
Conclusions
1. In 2015, with a delay in spring oilseed sowing until 5 May, the number of weed seedlings decreased. The highest number of weed seedlings was recorded in the plots sown on 10 May, and later it declined. In 2016, in the crops of the earliest sowing dates (10 and 15 April), the number of weed seedlings was by 41.2% lower than in the plots sown at later dates. A 10-15 day delay in sowing resulted in significantly the highest number of emerged weeds, and in the plots sown at later dates the number of weeds inconsistently decreased.
2. In 2015, with a delay in spring oilseed rape sowing until 20 May, the number of weeds before harvesting had decreased by 67.8%. The highest weed counts before harvesting were recorded in the spring oilseed rape plots sown at early dates (15 and 20 April). In the crops sown on 30 April and at later dates, the dry mass of weeds before harvesting had increased from 2.7 times to 27.1 times in the crop sown at the last sowing date and had significant effect on rapeseed yield. In 2016, significantly the lowest number and dry mass of weeds were established in the crops sown at the earliest dates (10 and 15 April) and in those sown at the latest dates (10, 20 and 25 May). The highest weed counts were recorded in the crops sown on 20 and 30 April. The highest weed incidence in the spring oilseed rape crops sown on 30 April might have been caused by adverse weather conditions after sowing, which resulted in poor crop emergence.
3. In 2015, a statistically significant relationship was established between the dry matter mass of weeds and rapeseed yield (r = −0.84, P < 0.001). A statistically
